Rainfall is an important factor to trigger the debris flow. Numerical simulation on the responses of slopes and the initiation of debris flow under rainfall was processed by using the software FLAC2D based on the soil parameters in Weijia Gully, Beichuan County, Sichuan Province, China. The effects of the slope angle, rainfall intensity, soil parameters on the developments of the stress and pore pressure and deformation of the slope were studied. It indicates that large displacements of the slope are mainly located near the slope toe. With the increase of the rainfall intensity the stability of the slope decreases and so the debris-flow is easy to occur.
Introduction
Landslides and debris flows, distributing broadly in nature, restrict the economic development and threaten the safety of towns, villages, traffic and dams. 90% to 95% of these hazards are caused by rainfall (Chen et al. 2006) . A mass of debris flows and landslides were triggered by rainfall after the May 12th earthquake in 2008. Therefore, the forecast for landslide and debris flow is an important mission in the earthquake affected area.
Although many studies on the forecast of landslide and debris flow have been carried out (Cui et al. 2000; Aleotro 2004) , there is still not a precise method which can be applied broadly because of the limited understanding on the initiation mechanism. Experiments and in-situ measurements were used in studying the initiation of debris flow in the previous studies (Cui 1992; Iverson et al. 1997; Cui et al. 2007 ), while numerical simulations were few used. However, numerical simulations can analyze the distribution of stresses, displacement and pore pressure in a slope which can not be obtained fully in experiments. Furthermore, numerical simulations can investigate some special cases easily. For an example, the erosion and the re-deposition of fine grains which play an important role in the initiation of debris flow can be detailed simulated easily by using numerical methods (Cui et al. 2009; Lu et al. 2006; Lu and Cui 2010; Lu et al. 2010) while difficultly by using experiments. Seepage and surface flow during a rainstorm can obviously change the distribution of pore pressure and the mechanical properties of a slope. These changes will alter the stresses and the deformation of a slope. Conversely, stress and deformation changes can alter the seepage process because the hydraulic properties such as the porosity, permeability and water storage capacity were affected by the changes in stresses. Hence the seepage and stress-deformation problems are strongly linked (Zhang et al. 2005; Wu et al. 2009 ). Duration is an important parameter with which to forecast the initiation of debris flow, particularly for a real-time monitoring system (Chen et al. 2005 ).
In the above viewpoints, the objective of this paper is to numerically investigate the responses of stresses, pore pressure, deformation and duration to yield enough water for debris flow triggering.
Properties of In-Situ Soils
The in-situ soils in the Weijia Gully in Beichuan County in China were taken for experiments. The grain sizes of the soils are widely distributed as shown in Figure 1 . The dry density is 1579 kg/m 3 and the saturation density is 2000 kg/m 3 .
The static triaxial apparatus was used to determine the parameters of constitutive relation. There is no peak in the curves of axial strain and deviatoric stress (Figure 2 ). That means, the failure of this kind of soil is plastic, so the stress at axial strain 20% is taken as the failure value (If the soil is brittle, the stress at the peak is taken as the failure value). The internal friction angle and the cohesion can be obtained by Mohr circles as 22.2° and 6 kPa, respectively. The initial Yang's modulus is 1×10 8 MPa.
Numerical Simulation

Numerical Model
Business software FLAC2D5.0 was used to simulate the responses of a slope under rainfall. The parameters used in numerical simulations were the same with that in the model experiments (Ye 2011). The bottom was vertically fixed, the top was free, the height of the slope was 20 cm, the slope angles were 27°, 30° and 33°， respectively. The other boundaries were all normally fixed (Figure 3) . The Mohr-Column model was used to describe the mechanical behavior of the slope. The seepage of two phases (pore air and pore water) was considered to obey the Darcy Law. The mechanical parameters are shown in table 1.
The seepage equations for the pore water and the pore air are shown in the following: 
